Abstract. The meshless element-free Galerkin method is developed for numerical analysis of hyperbolic initial-boundary value problems. In this method, only scattered nodes are required in the domain. Computational formulae of the method are analyzed in detail. Error estimates and convergence are also derived theoretically and verified numerically. Numerical examples validate the performance and efficiency of the method.
Introduction
This paper concerns numerical analysis of the (n + 1)-dimensional time-dependent hyperbolic partial differential equation (1.1) ∂ 2 u(x, t) ∂t 2 + a 0 (x)u(x, t) − n i,j=1 ∂ ∂x i a ij (x) ∂u(x, t) ∂x j = f (x, t), x ∈ Ω, t > 0, with initial conditions
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where Ω is a bounded domain in R n (n = 1, 2, . . .) with boundary Γ, u(x, t) is an unknown function at position x = (x 1 , x 2 , . . . , x n )
T and time t, a ij (x), a 0 (x), ϕ 1 (x), ϕ 2 (x), λ(x) 0, f (x, t) and g(x, t) are given functions, and n = (n 1 , n 2 , . . . , n n ) T is the unit normal exterior to Γ. In addition, the matrix
where C a1 and C a2 are two positive constants. The hyperbolic initial-boundary value problem given by (1.1)-(1.4) can be used to model many physical phenomena in mechanics, acoustics, optics, electromagnetism, and so on [10] . A number of analytical methods have been adopted to derive analytical solutions of this type of problem. However, due to the complexity of the hyperbolic problems and the domain, the research of analytical solutions is arduous in general. Thus, it is necessary to develop numerical methods for approximate solutions of hyperbolic problems.
The finite difference method (FDM) [3] , [20] , [22] , the finite element method (FEM) [11] and the boundary element method (BEM) [7] , [23] can be employed to obtain approximate solutions of hyperbolic problems. In these methods, the precision of approximate solutions relies acutely on the quality of meshes or elements. To overcome the meshing-related shortcomings, meshless (or meshfree) methods have been developed by using scattered nodes to discretize the solved domain [4], [19] . A variety of meshless methods have been proposed and many scientific and engineering problems have been solved successfully by these methods. Recently, some meshless methods, such as the meshless local weak-strong method [6] , the boundary knot method [8] [21] . In this method, the domain is discretized by scattered nodes, and the approximate solution is constructed by the moving least squares (MLS) approximation. Up to now, the EFG method has been applied to many problems in
